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posed to the fast recirculation flow,
which washes away newly settled
sludge. A dynamic equilibrium is
quickly reached between the deposi-
tion and removal of sludge.
• Unlike what would happen in a conven-
tional filter, the buildup of sludge in the
pipe-cleaner flow field does not con-
tinue indefinitely until excessive clog-
ging occurs. Instead, the SRS design uti-
lizes the fact that sludge is a living
organism that digests its own dead parts
stagnating in the pipe-cleaner flow
field. The digestion process continu-
ously opens up new filter pores that
make it possible for water to continue
to flow. This process gives rise to a sec-
ond dynamic equilibrium — between
clogging and the generation of new
flow paths in the pipe-cleaner flow field.
Only the first pipe cleaner is needed as
a filter element; the other pipe cleaners
are needed only for support of the tubes
in their coaxial alignment. Prior to test-
ing, it was expected that sludge would
slowly migrate through the pipe-cleaner
flow field and reach the effluent port,
where it would reduce the quality of the
filtrate. Instead, it was found that the
sludge remained stationary at the first
pipe cleaner and no migration was ob-
served, even after two weeks of operation.
This work was done by Shivaun Archer, G.
Duncan Hitchens, Harry Jabs, Jennifer
Cross, Michelle Pilkinton, and Michael Tay-
lor of Lynntech, Inc. for Johnson Space Cen-
ter. For further information, contact the John-
son Innovative Partnerships Office at (281)
483-3809. Refer to MSC-23293
The Portable Unit for Metabolic Analy-
sis (PUMA) is an instrument that meas-
ures several quantities indicative of
human metabolic function. Specifically,
this instrument makes time-resolved
measurements of temperature, pressure,
flow, and the partial pressures of oxygen
and carbon dioxide in breath during both
inhalation and exhalation.
Portable instruments for measuring
these quantities have been commercially
available, but the response times of those
instruments are too long to enable tem-
poral resolution of phenomena on the
time scales of human respiration cycles.
In contrast, the response time of the
PUMA is significantly shorter than char-
acteristic times of human respiration phe-
nomena, making it possible to analyze
varying metabolic parameters, not only
on sequential breath cycles but also at
successive phases of inhalation and exha-
lation within the same breath cycle.
In operation, the PUMA is positioned
to sample breath near the subject’s
mouth. Commercial off-the-shelf sensors
are used for three of the measurements: a
miniature pressure transducer for pres-
sure, a thermistor for temperature, and
an ultrasonic sensor for flow. Sensors de-
veloped at Glenn Research Center are
used for measuring the partial pressures
of oxygen and carbon dioxide: 
• The carbon dioxide sensor exploits
the relatively strong absorption of in-
frared light by carbon dioxide. Light
from an infrared source passes
through the stream of inhaled or ex-
haled gas and is focused on an in-
frared-sensitive photodetector. 
• The oxygen sensor exploits the effect
of oxygen in quenching the fluores-
cence of ruthenium-doped organic
molecules in a dye on the tip of an op-
tical fiber. A blue laser diode is used to
excite the fluorescence, and the opti-
cal fiber carries the fluorescent light to
a photodiode, the temporal variation
of the output of which bears a known
relationship with the rate of quench-
ing of fluorescence and, hence, with
the partial pressure of oxygen.
The outputs of the sensors are digi-
tized, preprocessed by a small onboard
computer, and then sent wirelessly to a
desktop computer, where the collected
data are analyzed and displayed. In addi-
tion to the raw data on temperature,
pressure, flow, and mole fractions of oxy-
gen and carbon dioxide, the display can
include volumetric oxygen consump-
tion, volumetric carbon dioxide produc-
tion, respiratory equivalent ratio, and
volumetric flow rate of exhaled gas. 
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Respiratory signals can be temporally resolved within respiratory cycles.
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